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i E: By @EdRENE-B-HHIK (HP-B-CD) A1 (camphor, CA), ffik CA 7EEARFI TIb A =it #E i 53 K
PO, 53k RAERHFEH % CA 1 HP-B-CD 4% (CA-HP-B-CD), L CA &% ytatrfiit T CA-HP-B-CD
HFlEITE, FRAZRFAMEI (DSC). LA EEEE (UV) AFBEE (SEM) X CA-HP-B-CD 34T 2477 25 5
FERAL; SRJG, UL CA 5 CA-HP-B-CD FIR R ERE, 78 A Tk AR /= 2k bl & o Am R i, FRlE Kok CA & &,
HHATGEH 00T, 458 24 CA 5 HP-B-CD FIWIRIEE 9 1 0 3, 35 CH&MET, LA 300 /min #E8E 4.0 h, RHEIRSREEH%
) CA-HP-B-CD X} CA I &F N (68.57+1.26) %; DSC. UV 5 SEM H#i# % CA 5 HP-B-CD MAHAMERIF, CA
Refig B HP-B-CD 7 /A& I ifa & I &4 CA-HP-B-CD. LA CA-HP-B-CD #tkt, £ Tl =2k & )5, CA 75 A
HFIEER CERRgREAEE) A (80.131£1.05) %; ML CA #kl, NEAFEFEAN (39.45£1.38) %, HZ NGRS
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Abstract: Objective To reduce or avoid the volatilization loss of camphor (CA) in the industrialized preparation of cataplasm, using
the inclusion technology of HP-B-CD. Methods The HP-B-CD inclusion compound of CA (CA-HP-B-CD) was prepared by the
constant temperature stirring method. The preparation processing of CA-HP-B-CD was optimized with inclusion efficiency as an index,
and the pharmaceutical properties of CA-HP-B-CD were characterized by DSC, UV and SEM. The CA and CA-HP-B-CD were
prepared to cataplasm at the industrial-scale production respectively, then the content of CA was determined and the statistical analysis
was carried out. Results The inclusion efficiency of CA-HP-B-CD for CA was (68.57 £ 1.26)% when the CA-HP-B-CD was prepared
with the mass ratio of CA to HP-B-CD 1 . 3, the working temperature at 35 “C and stirring at 300 r/min for 4.0 h. The DSC, UV and
SEM scans showed that there was a good compatibility between CA and HP-B-CD, and CA could be fully encapsulated by HP-B-CD
and formed a stable inclusion complex of CA-HP-B-CD. Results of industrial-scale production of cataplasm for CA and CA-HP--CD
revealed that the retention rate (actual content/feeding quantity) were (80.13 £+ 1.05)% and (39.45 + 1.38)%, respectively. And there
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was a statistically significant difference between them (#-test, P < 0.01), indicating that the HP-B-CD inclusion complex effectively

reduce the volatilization loss of camphor CA. Conclusion The volatilization loss of CA at the industrial-scale production of

cataplasm was effectively reduced by the CA-HP-B-CD, which improves the utilization rate of CA and reduces the cost, and provides

ideas and reference for the research and development of cataplasm of volatile drugs.

Key words: inclusion technology; HP-B-CD; camphor; cataplasma; industrial-scale production
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CA, #t5 141211, FiESTH=96%, LI
RARGHMARAR; CA W&, #ts
110747-201409, Jii & 77%0=99.9%, HE & &Z 5%
K sEWF 7B ; HP-B-CD, 1L R IEM B JRAEM R AT
FRAF; W=EE, WAEEZARAR; HEER
B RNERREY, HARA R TR S RYER,
FFEEZHHCARAR: &L, RET K%
A5 EDTA-2Na, R RF 2 Wk 285
BRAR: AR, ZREIREMZNERAR . T
gifi, bBl—ELYmGlIEARAR; YL, T
HEBINVERAT . LEMLE, Gk, K
TR R AR A R A A
2 FEEHER
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mg/mL 0 IR VAR, & . FE% S BN FRE
XTHE S, O B R 0.14 0.24 0.5+ 1.0+
2.0 4.0 mg/mL X HESETRL, DL 95S% LEE AT H,
T 289 nm MIEWIEE (4), LL CA BRI A HXT
JREWRIE (C) HHATLYERIE, BEIAFFEN 4=
0.227 8 C—0.010 6, Z&PEVEREIN 0.1~4.0 mg/mL,
r=0.999 6.
2.1.2 A Sl & B CA ) HP-B-CD &5
) (CA-HP-B-CD) 3.0 g, %R, HETHE
HETEIH, TN 95% 4B 50 mL, %25 ZEFRE J5 iR
AbFE 30 min, A, F 0.45 um KA HLRIESET
JERRE, HH CEEANERCR R, &
213 BEERXE WMERNREIRERN 1.0
mg/mL [ CA X} RS IETR, T 289 nm MllE 4 14,
HEE 6 K, CA 41HKI RSD K 0.58%, ZFHREK
R 7 ¥ (PR 2 P R
2.1.4  FEEMERLE K CA KRS ERS A0 IS
W HIAE 04 24 44 8. 12h MSE A {8, IR SVETR
sl CA 4 fHI) RSD 43514 0.65%H
0.78%, ZRFW CA it e R I .
2.1.5 EEMHRE MEZFGT, BUE—HpRm
W, % FIR I IR E CA ) A8, FATER
6 X, NI A{E/ RSD 4 0.73%.
2.1.6  IIFEFEISCRIREE  FREL 3.0 g LA Ep4t
RN S 4y, HRIET 50 mL S, IA—E
BTG, F 95%GREER, IENRE 5 S b
B 30 min, JEIJEFRE, T 289 nm WE, NTE CA
24 RN 99.33%, RSD N 0.91%.
2.2 CA-HP-p-CD K&
2.2.1 CA-HP-B-CD fil % 58 &HFME FrRIX
0.1 g i1 CA, F 5mL i) 95% LB R, 13 CA LBE
W FRECHP-B-CD &=, H 15 mL 1) 30% 4.1
Wik, FBETHERM MRS B, RREEBRE (300
r/min) %R, ZEHIN CA BER, HT -zl
FE NP — e (] 5, DRI T8, H Rk
Ve 2 Ik, BARFETRITTAR 3 A8 K1 CA-HP-
B-CD BL.& W) . FE A G YIS 3.0 g, I 95%
LT 50 mL, AFEFRE J A 30 min, B4, H 0.45
um AHLRIEBIEL FFRE, I CEEAN LIk
i, L 95S%LRERNZTH, T 289 nm AE CA
(1) A8, ZHSCHER TR 1% A ST CA .,
A RB=W as/W sx
W s Rl W oa i BRI AL A 10 25 B R H0R R

222 FEESTUHRISEAMEN CA H
HP-B-CD AEFIEEL (1:03.1:05.1 1.1
20 103010 4) BB, 8 “2.2.17 TR 7
HEREVINECH R, HTEEWNERZE
AR, SAEMERZYRYEILLE & E
KR, HE 1 ATH, CA MBEHEREE CA L
HP-B-CD FE &5 TYk b i3 nmg #id K, 4
CA 5 HP-B-CD #kILIES] 1 3 1, HAEHKS
VIR N 1 D4 ZF R RENER (R,
P>0.05), RWPBEFBETRE;, HERTRLH
AR A B A LR, BE%E HP-B-CD ELf
380, CA 5 HP-B-CD kA A1EH &AW
hnswBE AR A4, ik, CA MAEHEERAL
FRELHm.

FT1 IREEXT CA BEENEM (X+s5,n=3)
Table 1 Effects of material rate on inclusion rate of CA
(xxts,n=3)

CA 5 HP-p-CD ¥k} L 3R/ %
1:03 9.234+0.32
1:05 20.3540.71
1:1 33.56+1.16
1:2 53.04+1.85
1:3 65.82+2.29
1:4 68.17+2.13
223 HlRIREXAAIREE AR £

XN )1k AT HP-B-CD 4r T N H B A ki 1)
IKIT T BRI, BT g K 2 5 Y K 1 3E A A
SRR, DRI, B R R RE R B 7 0 BRI
A KIISE, — B SRS K s TR e
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R, AT S SR E TR, T
25.30.35.40.45.50 CAFEE T, #K«“22.1”
TR (7 i A A il e ekt R, k200
A1, CA AL 2 b A R I T = 2T &
JE BRI AL, MIREEA 35 CHF CA IEERIL
K HREHE 35 Cr, HTARRERERS.
ST DB RIZIT AR T A R T, W
FEAE KN CA 5T IALE W It 74 738 B
AR TR

224 AR EXAERER AAEEEAME
A FHENEE AR E S P SENE, s
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A ST A SIS A R, Rk 5E B
AR E MR AT E A X T
G, fEAREERIE 1. 24 34 4. 5. 6h T,
I8 “2.2.17 TUR 5 kH & AE Y e mE 2.
SRR 3 o, MEQER ML, HP-B-CD
XF CA BEEZEWT EF, iRy 4.0 h B, CA
AEFREKR; 4.0h LG, MEQEREIE M, &
HRAHEC, KRR CA 5 TR HLiF R
FEAN, MEEERERRTER, #9 CA #REHT
H R T IT R A B AP, AR
CA 7% 1712 R A 3 28 PRI

Fz2 HIFBEX CABHENFIE (Xts,n=3)
Table 2 Effects of temperature on inclusion rate of CA
(xts,n=3)

] R B/ C BEF/%
25 40.27+1.38
30 55.42+1.75
35 63.75+2.24
40 59.11+2.06
45 50.831+1.82
50 38.69+1.29

®3 BAREX CABHENEM (Xxts,n=3)
Table 3 Effects of time on inclusion rate of CA (x £ s,n=3)
A4 B 7] /h BEFE/%
1 24.47+0.83
2 39.55+1.22
3 58.1612.08
4 66.711£2.32
5
6

64.691+2.16
62.38+1.77

2.3 CA-HP-p-CD HYRAE

2.3.1 CA-HP-B-CD [E# % Ll CA 5 HP-B-CD
WPk R 103, 78 35 CH&AF T, L 300 r/min
PiFE 4.0 h, RAERBHZG] % CA-HP-B-CD F i
6 ik, &M “2.2.1” WURJ73ENE CA-HP-B-CD *f
CA MEHERA (68.57+1.26) % (n=6).

232 PfHBETERMEE (SEM) W% B HP-B-CD
5 CA-HP-B-CD it &, F 5 H R bl e fa ik 4,
W4, SRETE R R RE (5.0 kV, ED 12.4 mm),
FH SEM W82 HAMUIE 25 - &5 i 1 firos, HP-B-CD
APV B A AT BCIR dt AR 458, &%) CA-
HP-B-CD 1 235 AFM AR5, H Ao i

1 HP-B-CD (A) 1 CA-HP-B-CD (B) A SEM
(X20000)
Fig. 1 SEM images of HP-B-CD (A) and CA-HP-B-CD (B)
(%20 000)
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HP-B-CD % fE 4514 e e A x5 MRS L
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233 EAF (UV) 6 FREUEER CA. CA-HP-
B-CD LLK CA 5 HP-B-CD #FIR &%) (CA+HP-
B-CD) FEdh, A HVET 95%LEE. 30%LEEF 50%
LI, ARFEEZ TR T T K 200~400 nm #HEATHEHE.
HHE 2 7, UV SR+ CA fil CA+HP-B-CD
BIRIRT CA XA FFER Wi,  H =38 % 48
SRR A B A IR AR — 5, RMBIRAE G
HP-B-CD AFEM CA X ERAMIRISCRFAE; 11T CA #
HP-B-CD A& /EHAEY) CA-HP-B-CD MIA IR
CA WIEAMRWCRRENE, 25 R KW CA 7T h
HP-B-CD H7r T REEM AR EA, Fk CA X4
AN - BURR

234 ZERHFERERMC (DSC) 8T REUE R
CA. CA-HP-B-CD 5 CA-+HP-B-CD, ] DSC %%
FEREAT R . & REVEE-20~
250 °C, JHEHEZE A 20 ‘C/min, ESHN 99.99%
A< DSC Kl &R (B 3), CA{E 180~190 C
HAFHEVE, T HP-B-CD 7E i B v e W) 454k

250 300 350
A/nm

2 CAA). YBEREY B) SBA&Y (O HEIMIHE
Fig. 2 UV images for CA (A), physical mixture (B) and

inclusion complex (C)
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REC

3 CA (A). YBERAY B). €44 (C) 5 HP-p-CD
(D) H9 DSC FAE Lk

Fig. 3 DSC figures for CA (A), physical mixture (B),
inclusion complex (C) and HP-$-CD (D)

g, SRTT, 4 CA #% HP-B-CD &G HAEGY
CA-HP-B-CD 7£ 180~190 ‘CJ. CA HI4SHEVE, T
CA+HP-B-CD WE/RT CA FIFHENE, 45RKH
CA REME TR0 & T HP-B-CD Bk M 25 /&5 1)
T R e LAY, H CA 5 HP-B-CD A%
PRI

24 BEYXTFEATF CAELMENZM

2.4.1  EARAIR U FREL 300 g MR MEER
. 55 g IHZEERES. 11 g [ EDTA-2Na 5 350 g
mie L, BEWEE, AR 4500 g FH M, 78
HAEHN-0.07 MPa 264 F, #5410 min, 15304
HAH, #H: FREX 600 g SRAERAAN 55 ¢ WHAER, N
A 4500 mL 4ifb /K, fikE B YRNE R, 13 2017KH,
AH; WREL 25 g R 4TS, I 200 mL ZF#, fi
PEIAAR, 159 O FREL 200 g ) CA BEEFIE 1)
CA-HP-B-CD 5 2 AH  AKARAR I 2 i A
1£-0.07 MPa s6£F ', $HiHE 15 min, 15 2IEEE 14
W B AR R 2RV RINL B, iRy
Ja s BT E T (35+12) C. XTI
(40+5) %% T, BE 72 h; HETHTEE
(60+5) %. WRHJEF (30+2) CHKMFF, #HE 48h,
P 7SI NG 77 o 25 SRR B, R H CA F1 CA-HP-B-CD
PATMb A A F= e il 46 B2 A 7, ) i R B A R
MIENEFEIR], R CA Hlff &Y CA-HP-
B-CD J e W I B B To s s[RI, PIT AU 711
FEaESM B e E R, HEHZ CA. HP-B-CD
L CA-HP-B-CD # 8B th, PRk, X T-HER
T 751) £ 47 R0 € 2 TE 5

242 CA TEEAMAIHFRIEER TR S
EAAMER 1, BmERE, (PRS2 5
EARZ, PRI 1.0 g, MEREEE T HERTIMR
H, N 95% £ % 50 mL, % %€, F)5E, #4530 min,

FHH A R IR B & NN 95% S BE 50 mL,
HEEAE 1 H 2 KBS G 5, JFERE 100
mL, I 0.45 pm AHLRIEMLIEL, JERAE A HER
A, BL 95% B NXT IR, T 289 nm AblIE CA
1 AMEH, A NXTHE CA EAE (R): R=
W sl Wossier W o FU W i 73 ) 26 7 SE Rl 58 1) 245 B
FERS & & 5 R 4 740, ENGH &R,
WA CA 18 A Tk A A 72 4 b 3% & ik
25T CA-HP-B-CD, HRulZ7ERT 72 h W HE kP
T (&R J548h, HIERETH 720 W,

N T AR R T 7S o R AR RS BT R, AL
B E R R R BERAK ez, EARRIm
IR T B AT = ez () R g5 4030, Bk, CA
TEAE T I RER B0 ¥ R AR R« SR, # CA il i HP-B-
CD B2 )G, CA #EMETEAME HP-B-CD
S FIBKPE S IS RN ER, 38 I USSR I i
DV RAEEEAEH, ik, KM S T CA M
FE T RRAR T H AR A% [FIl), CA-HP-B-CD AR5
(35 7 25 ) 5 BT 751 K e R R R A A B )
SUBE R, b aE T AR E I Rk, DL CA-HP-
B-CD ¥k}, £ TolbfbA: =2kl &5, CA fEE
FFIFR AR N (80.13+1.05) %, T LA CA
PRI B AR (39.45+1.38) %, —HZIAfFED
FEMER G, P<0.01), £UH CA HIHEE
W5 B AG R BRAR L AE T MDAk A 4% B A 75 e 1)
PERR o

100

80

BAER/%

60

——CA
404 —* CA-HP-B-CD

0 I 2 3 4 5
t/d
4 CA-HP-B-CD X FEHFH CA HELXMERFMN
(xts,n=3)
Fig. 4 Effects of CA-HP-B-CD on volatileness of CA in

cataplasma (X £ s,n=3)

3 e

ASZIGHFFT T L HP-B-CD 4 CA, XHEKR
PERISZ o B 70 R DR AR IR SRS, 24 CA 5 HP-
B-CD I¥RLLL A 1 2 3, 7635 C4A4F T, LL300 r/min
ik 4.0 h, ATLAHIBEEER CA BE&Y CA-
HP-B-CD, ZHAEYIN CA MHEAFN (68.57+
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1.26) %, HOEEGEEPERFTGEE, L 30%40

RIKARVE T AR HP-B-CD, 84 | CA BEER (95%

OBE) S5IKARA G H T CRERE SURI FEK. A

HR43 em AT HME T # HP-B-CD HA 11 8%, [Rit, 78

—EfRE LERAAAEEREN ‘g H5REEH.

S AY%4 DSC. UV 5 SEM il 4R,

CA 5 HP-B-CD MIMHZEMERLF, H CA fEUsH: HP-

B-CD 7/t & IF K ke e I H &4 CA-HP-B-CD,

HIFHTTRERZ CA £ — A BiKMEN1 GHXY T

i 152.233) WEY), #e% 7t N HP-B-CD 41

TAEMP B AR IE N TR, IR A ER e A

YER 0T s e s s &Y. BRitk, BL CA-

HP-B-CD #kt, & A7 Tkl /5, CA fEik

JH ) B T A A CA BRI AR (¢

g, P<<0.01), XAE—ERE EMH T CA £ T

M ACA P RR A5 R A O, 3R T 28 S 1 0 A = 4 (]

R GEbE 2E S AE G FH e TR 8, [

I PRAIS 1 A2 P BOAS 5 4 1 B
B AL 3F Rz g 24 ) ) DA GRS 1O 25T R R A

PROTI8Y, a2 F R 877 2 30 ok o e P 71

B2z —. CA VLHFRIRIINAL, 1EiE e 4h 254 A

HEREINHE 1, Kk, ARSEHN CA 78 B

T A i) 2 3k R m sl A% A S ) ) AR AL T —

FRoETEES, N CA FEIE 4 25082 B 24 58

T R EEA .

B 3Rk
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